The murine local lymph node assay (LLNA) measures in vivo proliferation in draining lymph nodes (DLN) following topical exposure to chemicals to assess contact sensitization potential. However, proliferation has also been observed with some irritants. To further characterize events in the DLN during the LLNA and distinguish allergens from irritants, phenotypic analysis of lymphocyte subsets was made following topical exposure. In preliminary studies, mice were treated on the ears for 3 consecutive days, and 48 hr following the final application, analysis of CD3, CD4, CD8, and B220 expression was evaluated by flow cytometry. The allergens oxazolone (OXAZ) and picryl chloride (TNCB) and the irritant benzalkonium chloride (BC) increased cell number compared to vehicle. The increase in lymph node cellulariry for these materials was due to an increase in the total number of T and B lymphocytes. Interestingly, even though contact sensitization is a cell-mediated immune response (Thl), mice exposed to the contact allergens showed a preferential increase in B lymphocytes in the DLN as seen by an increase in the percentage of B220 + cells. The percentage of B220 + cells was 13.1 and 36.1% for OXA and TNCB, respectively, compared to percentages of 7.4 and 9.3% for irritant and vehicle, respectively. With some allergens, a concomitant decrease in the percentage of CD3 + cells was seen. Time course studies demonstrated the increase in the percentage of B220 + cells was seen in allergen treated mice by 24 hr after the final application of material, plateaued by 48 hr, and was still elevated by 96 hr. In allergen-treated mice, percentages of B220 + cells increased dose dependency. Further studies were performed to evaluate additional contact allergens and irritants and determine if evaluation of flow cytometric parameters could potentially identify contact allergens and differentiate them from irritants. Analysis of data from these studies, which examined a total of five contact allergens and six irritants, showed that the modifications to the LLNA improved the identification of irritants and allergens in individual experiments by including both phenotypic analysis of the DLN and cell number per node as endpoints rather than either endpoint alone.
The murine local lymph node assay (LLNA) measures in vivo proliferation in draining lymph nodes (DLN) following topical exposure to chemicals to assess contact sensitization potential. However, proliferation has also been observed with some irritants. To further characterize events in the DLN during the LLNA and distinguish allergens from irritants, phenotypic analysis of lymphocyte subsets was made following topical exposure. In preliminary studies, mice were treated on the ears for 3 consecutive days, and 48 hr following the final application, analysis of CD3, CD4, CD8, and B220 expression was evaluated by flow cytometry. The allergens oxazolone (OXAZ) and picryl chloride (TNCB) and the irritant benzalkonium chloride (BC) increased cell number compared to vehicle. The increase in lymph node cellulariry for these materials was due to an increase in the total number of T and B lymphocytes. Interestingly, even though contact sensitization is a cell-mediated immune response (Thl), mice exposed to the contact allergens showed a preferential increase in B lymphocytes in the DLN as seen by an increase in the percentage of B220 + cells. The percentage of B220 + cells was 13.1 and 36.1% for OXA and TNCB, respectively, compared to percentages of 7.4 and 9.3% for irritant and vehicle, respectively. With some allergens, a concomitant decrease in the percentage of CD3 + cells was seen. Time course studies demonstrated the increase in the percentage of B220 + cells was seen in allergen treated mice by 24 hr after the final application of material, plateaued by 48 hr, and was still elevated by 96 hr. In allergen-treated mice, percentages of B220 + cells increased dose dependency. Further studies were performed to evaluate additional contact allergens and irritants and determine if evaluation of flow cytometric parameters could potentially identify contact allergens and differentiate them from irritants. Analysis of data from these studies, which examined a total of five contact allergens and six irritants, showed that the modifications to the LLNA improved the identification of irritants and allergens in individual experiments by including both phenotypic analysis of the DLN and cell number per node as endpoints rather than either endpoint alone. © 1996 Sodety of Toxicology.
The murine local lymph node assay (LLNA) 1 is a predictive test that utilizes in vivo cell proliferation in the DLN for assessment of the contact sensitization potential of materials (Kimber et al, 1986; Kimber and Weisenberger, 1989; Kimber, 1993) . This assay measures the proliferative response in the draining auricular lymph nodes during the induction phase of a contact sensitization response after epicutaneous exposure to materials. It is based on the observation that the induction phase of a contact sensitization response to allergen is characterized by lymphocyte proliferation and hyperplasia in the lymph nodes draining the site of topical exposure (Oort and Turk, 1965; Parrott and de Sousa, 1966; de Sousa and Fachet, 1972; Asherson and Barnes, 1973) . This assay has been evaluated extensively for its reliability and sensitivity in predicting the contact sensitization potential of materials through both internal and interlaboratory validation studies (Kimber et al., , 1995 Basketter et al, 1991; Scholes et al., 1992; Kimber and Basketter, 1992 ) and has been found to correlate well with guinea pig studies (Kimber et al., , 1990 Basketter et al., 1991; Basketter and Scholes, 1992) and analyses in man (Basketter et al., 1994) . However, one limitation is the ability of some skin irritants to produce proliferation in the DLN as well (Montelius et al, 1994; Gerberick et al., 1992 ). An increased understanding of events in the DLN during induction of contact sensitization may lead to the development of additional endpoints for the LLNA which improve the predictability, selectivity, and sensitivity of the assay. To gain further insight into events occurring in the DLN during the induction phase of the LLNA, flow cytometry was used to enumerate changes in the lymphocyte populations following exposure to various irritants and allergens.
METHODS

Animals.
Female BALB/c mice (Charles River, Wilmington, MA, or Harlan Industries, Indianapolis, IN), or female CBA/J mice (Harlan), 6 to 8 weeks old, weighing approximately 17 to 23 g were used. Animals were housed, fed, and handled in compliance with standards set forth by the U.S. Animal Welfare Act or recommendations in the National Institutes of Health "Guide for the Care and Use of Laboratory Animals." All procedures performed on animals were reviewed and approved by a veterinarian and our Institutional Animal Care and Use Committee.
Chemicals. Contact allergens used were l-chloro-2,4,6-trinitrobenzene (TNCB; Polysciences Inc., Warrington, PA), l-chJoro-2,4-dinitrobenzene (DNCB (99%); Sigma Chemical Co., St. Louis, MO), oxazolone (OXAZ (99%), Aldrich Chemical Co., Inc., Milwaukee, WI), eugenol (EUG (99%), Aldrich) and a-hexyl cinnamic aldehyde (HCA (85%), Aldrich). Skin irritants used were sodium lauryl sulfate (SLS (99%), Sigma), salicylic acid (SALA (99%), Aldrich), benzalkonium chloride (BC, Sigma), benzethonium chloride (BethC (>99%), Sigma), and nonanoic acid (NONA (97%), Sigma). Vehicles used were acetone (J. T. Baker, Inc., Phillipsburg, NJ), 30% ethanol (Aarper Alcohol and Chemical Co., Shelbyville, KY), and 1-propanol (J. T. Baker). Allergens and irritants were used at concentrations producing an increase in the number of cells per node that was greater than 1.5-fold over vehicle.
In vivo treatment.
Mice were treated with allergen, irritant, or vehicle once a day for 3 consecutive days unless otherwise indicated by applying 12.5 £tl of test material or vehicle topically to each side of both ears (25 /xl total/ear). With the exception of the studies which examined the response kinetics, the draining auricular lymph nodes were removed 48 hr following final application and pooled for each treatment group.
Single cell suspension preparation and staining. For each treatment group, the draining auricular lymph nodes from the individual mice (n = 3) were pooled to obtain adequate cell numbers and single cell suspensions were prepared by gently mashing the nodes on nylon mesh filter (100-/im pore size; The Spectra Company, Los Angeles, CA). The cell suspensions were washed once with PBS and resuspended in FACS buffer (10 mM Hepes buffer (Sigma), 0.01% sodium azide (Sigma), and 1% heat-inactivated fetal bovine serum (Gibco BRL Life Technologies, Grand Island, NY)) at 10 7 cells/ml. Cell numbers and viability were determined by counting with a hemacytometer and trypan blue exclusion. Cells were labeled in 96-well, round-bottom plates (10 6 cells/well) with optimum concentrations of fluorochrome-conjugated monoclonal antibodies and isotype controls. Antibodies used were phycoerythnn (PE)-conjugated hamster anti-CD3 (Pharmingen, San Diego, CA), fluoroscein isothiocyanate (FITC)-conjugated rat anti-CD45R (Ly-5/B220) (Pharmingen), FTTC-conjugated goat anti-IgG and IgM (Tago, Biosource International, Camarillo, CA), hiTC-conjugated rat anti-CEM (Gibco), and PE-conjugated rat anti-CD8a(Ly-2) (Pharmingen) The isotype control antibodies were anti-keyhole limpet hemocyanin hamster IgG PE-conjugated and rat IgG^ FITC-conjugated. Briefly, cells were incubated widi antibody on ice for 30 min, washed twice, and resuspended in FACS buffer at I0 6 cells/ml for analysis.
Flow cytometry and analysis. Cells were analyzed using a Coulter Elite ESP flow cytometer and Elite Data Analysis software (Coulter Electronics, Hialeah, FL). Fluorescence intensities were calibrated and compensated by running Calibrite calibration beads (Becton Dickinson, San Jose, CA) and adjusting gains and high voltages to meet target values. Nonviable cells were excluded from analysis using a forward angle light scatter (FALS) versus 90° light scatter (LS) gate established by backgating on cells which excluded propidium iodide (Calbiochem, San Diego, CA). The FALS discriminator was adjusted to eliminate debris. Lymphocyte suspensions were run to establish a lymphocyte gate in the FALS vs 90°LS histogram. Analysis thresholds were based on isotype FTTC and PE control samples At least 15,000 viable cells were analyzed per sample. Dual-parameter histograms were analyzed with quad stats to determine percentages of fluorescently labeled cells.
Statistical analysis. Data were analyzed (SAS Institute, 1994) to determine if phenorypic changes observed in draining lymph nodes could discriminate allergens from irritants. Several endpoints of the LLNA, namely, cell number per node and the percentages of CD3, CD4, CD8, B220, and IgG and IgM labeled lymphocytes, were evaluated and were normalized to their vehicle controls to correct for day-to-day variability. To be able to include data from both BALB/c and CBA/J mice, it was necessary to compare the LLNA endpoints using the same concentrations of materials. For this purpose, each of the endpoints from BALB/c mice was regressed against the CBA/J endpoints for the same materials and concentrations to correlate responses between the two strains. Because the correlations were high, data from both mouse strains were included; however, measurements for BALB/c mice were adjusted to compensate for interstrain differences because BALB/c mice generally had less proliferative response to allergens and irritants than CBA/J. These corrections of the raw data for day-to-day variability and interstrain variations were not essential in obtaining the final results but did improve reproducibility.
Data for each surface marker were inspected for distribution, correlation with other surface markers, and ability to discriminate irritants from allergens alone or in combination with other surface markers Of the parameters evaluated, the final endpoints chosen for statistical analysis of the LLNA were cell number per node (as a measure of proliferation) and the ratio of the % B220 + /% CD3 + cells (designated B/T cell ratio throughout this report) obtained by flow cytometric analysis. Based on these endpoints, nominal logistic regression (SAS Institute, 1994) was used for classifying the materials tested as contact allergens or irritants. This is a standard statistical method used when assessing a binary response outcome or classifying a response
RESULTS
Cell Number and Flow Cytometric Analysis of Lymphocytes in Draining Lymph Nodes Following Epicutaneous Exposure to Contact Allergens and Irritants
To characterize events in the DLN during the LLNA, phenotypic analysis of lymphocyte subpopulations (CD3 + , B220 + , IgG and IgM + , CD4 + , and CD8 + ) in the auricular lymph nodes following ear application of contact allergens and irritants was made 48 hr after final application of test materials. Cell number per node was determined and used as a replacement for [ 3 H]thymidine incorporation normally used in the LLNA to evaluate proliferation. In the LLNA developed by Kimber and Weisenberger (1989) , the endpoint of the LLNA is proliferation measured by [ 3 H]thymidLne uptake and the criteria for a positive response is a threefold increase in proliferation over vehicle control. In studies presented here, we are using cell number per node as an indicator of proliferation. This endpoint is an appropriate indicator for these studies as previous results (Gerberick et al., 1992) have shown that when changes in cells/node are seen then changes in [ 3 H]thymidine incorporation are seen as well. A representative experiment is shown in Table 1 following application of the allergens oxazolone (OXAZ) and picryl chloride (TNCB) and the irritant benzalkonium chloride (BC) in acetone.
The cellular composition of the auricular lymph nodes in naive mice was 82.7% CD3 + cells (T lymphocytes) and Note. Groups of three mice were treated on the ear once per day for 3 consecutive days. Forty-eight hours following the final application, the two auricular lymph nodes from each mouse within a group were obtained and pooled. Determination of cell number per node and flow cytometric analysis of the lymphocyte populations was made. This is a representative experiment in BALB/c mice.° Cells/node X 10 6 .
9.5% B220 + cells (B lymphocytes) (data not shown). Nodes from acetone-treated mice consisted of 78% CD3 + cells and 9.3% B220 + cells (Table 1 ). All three test materials produced an increase in cell number per node over the corresponding vehicle control at the concentrations tested. For both allergens and irritants, the increase in cell number per node was reflected as an increase in the total number of CD3 + , B220 + , IgG and IgM + , CD4 + and CD8 + cells. However, evaluation of the percentage of the various subpopulations indicated that allergen exposure altered the percentages of certain subpopulations to a greater extent than irritants. Most striking was the preferential increase in the number of B lymphocytes (as indicated by the increase in the percentage of B220 + cells) consistently seen in the allergen-treated mice over vehicle control. The percentage of B220 + cells was 36.1 and 13.1% in 0.5% TNCB-and 0.005% OXAZ-treated mice, respectively, compared to 7.4 and 9.3% in vehicle-and BCtreated mice. Analysis of IgG&M + cells correlated well with B220 + cells as the percentage of IgG and IgM + cells increased in mice treated with allergen when compared to vehicle or irritant (Table 1) . For the irritant benzalkonium chloride, a slight decrease in the percentage of B220 + and IgG and IgM + cells was seen. When analyzing the T cell subsets, the total number of CD3 + , CD4 + , and CD8 + cells increased in both the irritant-and the allergen-treated mice; however, the percentages generally dropped in the allergentreated mice because of the concomitant increase in B lymphocytes. This decrease was more pronounced in the TNCBtreated mice where a greater increase in the number of B lymphocytes was observed. The ratio of the % B220 + /% CD3 + cells (B/T cell ratio) was increased in the allergentreated mice (0.17 and 0.69 in the OXAZ-and TNCB-treated mice, respectively) compared to vehicle-and BC-treated mice (0.12 and 0.08, respectively). Analysis of cells dual labeled with anti-B220 and anti-CD3 antibodies showed the percentage of the B220 + /CD3 + cells ranged between 1.2 and 1.5%, indicating that anti-B220 + antibody was not significantly binding to CD3 + cells (data not shown).
Dose-Dependent Effects of Contact Allergens on the Phenotype of Lymphocytes in the Draining Lymph Nodes
Experiments were performed to determine if changes in percentage of B220 + cells in the allergen-treated mice were dose-related. For the contact allergens TNCB and DNCB, dose-related increases in the cell number per node and the percentage B220 + cells were seen. For TNCB, the increase in the percentage of B220 + cells appeared to peak at 0.1% with a value of 39.5% (Fig. 1 A) , while cell number per node plateaued at 0.1%. For DNCB-treated mice, the percentage of B220
+ cells and the cell number per node were still increasing at a concentration of 0.25% with the % B220 + cells reaching 21.6% (Fig. IB) at that concentration. For these allergens, a concomitant dose-related decrease in the percentage of CD3 + cells was also noted (data not shown). For the irritants, benzalkonium chloride and nonanoic acid, a dose-dependent increase in cell number per node was seen (Fig. 2) . However, changes in the percentage of B220 + cells were somewhat variable. As seen in earlier studies, BC produced a decrease in % B220 + cells which appeared to be dose related ( Fig. 2A) . On the other hand, the irritant nonanoic acid produced slight increases in the % B220 + cells over vehicle at all doses which were not related to dose (Fig. 2B) . Therefore, even at high concentrations, the cell number per node and the % B220 + cells seen with irritants never approached the values seen with allergens.
Kinetics of Allergen and Irritant Treatment on B Lymphocyte Percentages in the Draining Lymph Nodes
Kinetic studies were performed to assess alterations in the percentage of B220 + cells at various times following the S1K0RSKJ ET AL.
third application of irritants and allergens. For the allergen DNCB (0.25%), cell number per node was elevated at 24 hr, peaked at 72 hr, and remained elevated at 96 hr (Fig. 3) . The percentage of B220 + cells was increased over vehicle at 24 hr but reached a plateau at 48 hr and remained elevated up to 96 hr. The time course for the irritant BC (2%) indicates that cell number per node plateaued at 48 hr and remained elevated at 96 hr (Fig. 4) curred prior to the final application of test materials, the DLN composition was evaluated at various timepoints following a single dose of TNCB. Increases in the % B220 + cells began at 72 hr following a single dose (data not shown). Together these data indicate that 48 hr following final application is an appropriate time to evaluate changes in the lymphocyte populations in the DLN.
Comparison of Phenotypes in CBA/J and BALB/c Mice Following Application of Allergens and Irritants
A previous study by Kimber and Weisenberg (1989) irritants was r = 0.93 (Fig. 5A) . Interestingly, both strains of mice exhibited similar alterations in the percentages of B220 + and CD3 + populations in that contact allergens produced an increase in the B/T cell ratio over vehicle. The correlation coefficient of this ratio between the two mouse strains was 0.91 (Fig. 5B) . Based on these correlations, data from both strains of mice were incorporated in subsequent model development. However, BALB/c data were corrected for interstrain variation using the following equations of the format y = mx + b, where m is the slope of the line and b is the y intercept. For cell number per node, y = 1.36(cell number per node from BALB/c) + 0.13. For the B/T ratio, y = 1.08(B/T cell ratio from BALB/c mice) + 0.22. greater proliferative response to allergens in the draining lymph nodes than BALB/c, C57BL710J, and Alpk/AP mice. Initial studies presented here which demonstrated alterations in cellular phenotypes in DLN were done in BALB/c mice. To determine if data from studies in CBA mice could be combined into the same dataset for analysis, each of the endpoints from BALB/c mice was regressed against the CBA/J endpoints for the same materials and concentrations to correlate responses between the two strains. For contact allergens tested at the same concentration, a greater increase in the cell number per node was seen in CBA/J mice over BALB/c mice, which is consistent with previously reported data. The correlation coefficient of cell number per node between the two mouse strains for two sensitizers and three Three irritants (diamonds) and two sensitizers (squares) were evaluated in the LLNA in both strains at the same concentrations and under the same exposure conditions. The correlation coefficients for the two strains were calculated for each endpoint.
Statistical Analysis
To date, a series of five contact allergens (eugenol, ahexyl cinnamic aldehyde, DNCB, TNCB, and oxazolone) and six irritants (SLS, benzalkonium chloride, benzethonium chloride, nonanoic acid, methyl salicylate, and salicylic acid) have been evaluated in CBA/J and BALB/c mice for effects on the cellular composition of DLN in the LLNA. Two parameters from these LLNA studies, namely, the ratio of % B220 + /% CD3 + cells (B/T cell ratio) and cell number per node, were analyzed for each test material and corrected for day to day variability and interstrain variation. In all cases, both parameters were corrected with the corresponding vehicle control. The data collectively shown in Figs. 6 and 7 are from the highest concentration(s) evaluated for a particular chemical. It is important to note that there are multiple points for the same test material because each material was evaluated in two or more experiments (CBA/J and/or BALB/c) at the concentration(s) listed in Table 2 . Nominal logistic regression was used to statistically analyze these data and the mathematical equation which included data from both cells/node and the B/T ratio is shown below. This is a standard statistical method used for predicting binary response outcomes. The probability that a test material in our dataset would be classified as a contact allergen was calculated by the equation given below and the results are illustrated in Fig. 7 for the irritants and allergens.
Probability test material is a sensitizer In Fig. 7 , the three panels show results of the statistical method comparing the endpoints (a) cells/node alone, (b) B/ T cell ratio alone, or (c) both endpoints to classify the various test materials. In each of the three panels, known contact allergens are listed on the right side and irritants are listed on the left. Using 0.5 (50% probability) as a cutoff (line in Fig. 7 ), data points above the line represents compounds that would be classified as a contact allergen and those below the line represent compounds that would be classified as irritants based on the particular endpoint(s) evaluated. An irritant that is misclassified as an allergen is a material on the left side of the panel that falls above the line and an allergen that is misclassified is a material on the right side of the panel that falls below the line. On this basis, the LLNA would have misclassified test materials 9 times using cells/node data alone (Fig. 7a) , 5 times using the B/T cell ratio alone (Fig. 7b ), but only 3 times using both endpoints (Fig. 7c) . This is illustrated in Fig. 7c , where the only allergen misclassified as an irritant was eugenol, a weak human allergen. In Fig. 7a , three experiments with BC and one with NONA would have classified these irritants as allergens while four experiments with known allergens (HCA, OXAZ (0.005%), DNCB, and EUG) would have misclassified them as irritants. In contrast, Fig. 7c illustrates that use of both endpoints has only one experiment misclassifying NONA as an allergen and two experiments misclassifying eugenol as an irritant. Other advantages of including both endpoints in the model were the (1) increased reproducibility and (2) decreased uncertainty of the classifications (seen as an increase in the distance of data points from the 50% probability line). It is not possible to rank allergens using Fig. 7 because they were tested at various concentrations and, therefore, not at concentrations known to produce a maximal response.
DISCUSSION
The murine local lymph node assay (LLNA) measures the proliferative response of lymphocytes in the draining lymph nodes (DLN) during the induction of contact sensitization by epicutaneous exposure to allergen. In studies presented here, the response in the DLN was further characterized by flow cytometric analysis of T and B lymphocyte subsets.
There exist few reports on the phenotypic characterization of the DLN during the induction phase of a contact sensitization response. A study by Morita et al. (1987) demonstrated that T cells were preferentially accumulating in lymph nodes draining the abdomen because L3T4 cells in BALB/c mice increased from 51.7 to 79.3% on the 5th day after a single application of DNFB in acetone:olive oil. This is in contrast to studies presented here, though we did not evaluate DNFB or abdominal lymph nodes. Two additional reports assessed changes in T lymphocytes following application of contact allergens that were, in general, consistent with our results. In a study assessing cellular composition of abdominal DLN, Gautam et al. (1991) observed an increase in cellularity of the DLN in mice dosed with TNCB. They found the total number of T cells increased although the percentage of T lymphocyte subsets (Thy 1.2 + , CD4 + , and CD8 + ) did not change. In another study by deSilvaef al. (1993) , an increase in the total number of T lymphocytes in mice with the allergen DNCB was seen which was greater than that seen with the irritant SLS. Only two reports to date contained informa- A nominal logistic maximum model was developed using LLNA data with known allergens (squares) and irritants (diamonds). The probability that a material would be classified as a sensitizer based on this model is plotted. The three panels show results of the model using (a) the cell number per node alone, (b) the B/T cell ratio, and (c) both to classify the test materials. The line represents the 50% probability of being classified a contact allergen. Materials falling above the line would be classified as allergens and those below the line as irritants. Numbers in parentheses indicate the number of experiments plotted for the indicated chemical. tion about changes in B lymphocyte populations during the induction phase of contact sensitization in the draining lymph nodes and both are assessing oxazolone. In a report consistent with our observations, Kraal and Twisk (1984) reported B cells were retained specifically in the stimulated nodes when they compared unstimulated peripheral LN cells with oxazolone-primed cells. A recent study by Kuhn et al. (1995) demonstrated the phenotype of cells in lymph nodes following oxazolone exposure (1%) in the LLNA (4-day exposure) to consist of 37.8% CD4 + cells, 16.6% CD8 + cells, and 44.7% B220 + cells. These two studies on oxazolone support observations reported here that B cells accumulate in DLN following topical application of contact allergens.
In studies presented here, total cell number in the draining auricular lymph nodes was shown to increase following topical application of both irritants and allergens. This increase in lymph node cellularity is due, at least in part, to proliferation of lymphocytes and is reflected by an increase in the number of both T and B lymphocytes. It is not known if the increase in T and B lymphocytes in the DLN during induction is due strictly to proliferation or if changes in lymphocyte trafficking are involved as well. A recent study by Kuhn et al. (1995) has shown that oxazolone in the LLNA (4-day exposure) predominantly increased proliferation of CD4 + cells, though an increase was also seen in proliferation of B220 + cells. It was not surprising to see an increase in total numbers of T cells (both CD4 + and CD8 + ) as delayed type hypersensitivity reactions are known to be T-cell-mediated immune responses. More specifically, these reactions are mediated by T H 1 cells (Cher and Mosmann, 1987; Fong and Mosman, 1989; Diamanstein et al., 1988) and can have either the CD4 or CD8 phenotype (van Loveren et al., 1984; Cocinski and Tigelaar, 1990) .
However, an interesting observation from the studies presented here was an increase in B cells in the draining lymph nodes with allergens in a dose-related manner in both B ALB/ c and CBA/J mice. This increase was consistently seen with the five allergens evaluated but the magnitude of the increase seemed to vary with the strength and concentration of the sensitizer, with the stronger sensitizers and/or higher concentrations producing a greater increase in the percentage of B220 + cells. When tested at optimal concentrations giving Note. Groups of three mice were treated on the ear once per day for 3 consecutive days with the indicated materials and concentrations. Fortyeight hours following the final application, the two auricular lymph nodes from each mouse within a group were obtained and pooled. Determination of cell number per node and flow cytometric analysis of the lymphocyte subpopulations was made and is presented in Figs. 6 and 7. the highest responses, the strong allergens DNCB, TNCB, and OXAZ produced greater increases in the percentage of B220 + cells than the two moderate to weak allergens, HCA and eugenol. The increase in the percentage of B220 + cells likely represents an increase in the percentage of B lymphocytes since a second marker for B lymphocytes (IgG and IgM + ) also showed the same trend. The increase in percentage of B220 + cells is not due to an increase in the population of cells that coexpress B220 and CD3 because dual labeling studies indicated that the population staining with both antibodies was generally between 0 and 2% (data not shown). The increase in the % B220 + cells seems to be a consistent and robust endpoint in the DLN following application of allergen as it is seen in two mouse strains and via two different routes of allergen exposure, namely, the ear and buccal mucosa (unpublished data). Regarding the local lymph node assay, these observations suggest that proliferation measured may not be due just to T cells but also to B cells. This work lays the foundation for further studies investigating activation and memory cell markers as well as the proliferative responses of the various lymphocyte subsets.
Speculation regarding the preferential accumulation of B lymphocytes in the DLN with allergens suggests two possible explanations. First, this response might be attributed to development of an antibody response to the hapten. Several investigators have shown that epicutaneous application of DNFB, TNCB, and oxazolone can elicit anti-hapten antibodies (Taylor and Iverson, 1971; Thomas etal., 1976; Askenase and Hayden, 1974; Takahashi et al, 1978; Kimber, 1991, 1992) . Still other investigators suggest that anti-idiotypic antibodies may arise in animals as a consequence of contact sensitization and serve to regulate this immune response (Sy et al, 1979) . Second, the B cell response may be the outcome of T cell activation. It is known that cytokines from both Thl and Th2 cells can stimulate B lymphocytes. Data by Neuman et al (1992) indicate such a B cell response may result from T cell activation. They demonstrated a dose-dependent increase in the percentage of B220 + cells in the popliteal lymph nodes after in vivo anti-CD3 (method to stimulate T cells) treatment as well as a decrease in the percentage of Thy 1.2, CD4, and CD8 positive cells. This increase seemed to reflect an influx of B lymphocytes rather than increase in proliferation because few of the B220 + cells were cycling in the S/G 2 M phase of the cell cycle.
Interestingly, preferential accumulation of B lymphocytes in draining lymph nodes has been seen in other T-cell-mediated immune responses. Fojtasek et al. (1993) studied the CMI response (which is the principal host defense) to Histoplasma infection in the DLN of B6C3F1 mice after respiratory exposure. Seven days after infection, an increase in the number of B lymphocytes caused the percentage to rise to 43% compared to 26% in control mice, and it remained elevated throughout the course of infection. Constant and Wilson (1992) also saw a proportionally greater increase in B cells compared to T cells in draining lymph nodes following immunization with the attenuated larvae of Schistosoma mansoni for which the principal host defense is T-cell-mediated (Thl) (James et al, 1986; Aitken et al, 1988; Wynn et al, 1994) . This is in contrast to the Th2 response seen with the eggs of S. mansoni . To understand this unexpected observation, they evaluated the proliferative response of the T and B lymphocytes in the DLN. A striking feature of their results was the preferential increase in the proportion of proliferating T, relative to B, cells. This supported their belief that antigen-driven proliferation of T cells was important in this immune response and also indicated that the significant increase in B cell numbers could not be accounted for by a preferential increase in proliferation. Evaluation of lymphocyte migration patterns suggested that the observed accumulation of B cells in the DLN might be due to enhanced recruitment as well as a failure of these cells to exit the node. Similarly, Lynch et al. (1989) have shown that in response to acute infection with choriomeningitis virus, massive recruitment of nondividing cells occurs from 3 days after infection. The T:B cell ratio in that study was decreased, indicating preferential accumulation of B lymphocytes.
Due to the observations showing changes in lymphocyte subpopulations, several contact allergens and irritants were evaluated to see if use of flow cytometric analysis as an endpoint in the LLNA could enhance differentiation of allergens and irritants. A compilation of the data shown in Fig.  6 shows there is a clear correlation between cells/node and the B/T cell ratio for the allergens tested, so, for any given increase in proliferation, allergens will produce a greater increase in the B/T cell ratio than will irritants. The data obtained on five allergens and six irritants were analyzed by a standard statistical method for binary response outcomes known as nominal logistic regression (Fig. 7) . Using this statistical method, the predictive power of the LLNA to classify a material as an irritant or an allergen was improved when analysis included both cell number per node and B/T cell ratio rather than either endpoint alone. Use of both endpoints also increased the reproducibility and accuracy of the LLNA. This is illustrated most clearly by TNCB and DNCB in Fig. 7c . In Fig. 7c , five experiments with TNCB and six experiments with DNCB produced results that cluster tightly at the top of the figure. In contrast, analysis of cells/node alone shows scatter of the results of these 11 experiments on the right side of Fig. 7a . Use of the two endpoints also decreases the uncertainty of classification of materials. This is illustrated by the increase in distance of the data points from the 50% probability line. In Fig. 7a , several of the data points are much closer to the probability line than those in Fig. 7c . The farther away a data point is from this line, the greater the certainty that the material will be correctly classified as an allergen or irritant. It should be noted that classification of these materials using the criteria of a threefold increase in cell number over vehicle control to identify an allergen would misclassify 10 of the 16 irritants as allergens but would not have misclassified any of the allergens. Therefore, statistical evaluation of the data using nominal logistic regression in combination with additional endpoints improves the ability of this assay to classify allergens and irritants at the concentrations evaluated in these studies.
Further development of this model may be useful by some laboratories where use of radioactive materials is a problem. In addition, such a modification may be important for a specific class of chemicals such as the quaternary ammonium compounds. It was interesting to note that both quaternary ammonium compounds (BC and BethC) are irritants and actually produced a decrease in the B/T cell ratio compared to increases seen with allergens. In the past, BC has been misclassified in the LLNA as a contact allergen (Gerberick el al., 1992) , but it is clearly separated from the allergens in these studies by inclusion of the flow cytometry data.
In studies presented here, characterization of phenotypic changes in the DLN during the induction phase of a contact sensitization response have been performed for several contact allergens and irritants. These studies contribute information regarding cellular events during the induction phase of a contact sensitization response. These changes in the percentages of T and B lymphocytes seen in the DLN have been evaluated as additional endpoints in the LLNA which, along with statistical analysis of the data, appear to improve the predictability of the assay for the compounds evaluated here. Further evaluation and validation would be required using a number of other allergens and irritants to determine the usefulness of this approach.
